SUMMARY: Multiple biochemical measurements were evaluated as an indirect measure of juvenile fish growth rate. Juvenile two-spotted gobies, Gobiusculus flavescens (Fabricius), caught in the Kiel Bight, were incubated in a temperature gradient table at 7 different temperatures ranging from 9 to 22.7°C for up to 28 days and sampled weekly. RNA/DNA ratios (RNA/DNA), protein and lipid amounts were measured in whole fish homogenates and compared with calculated weightbased growth rates of the individuals. RNA/DNA values were not significantly correlated with weight-specific growth rates. Lipid-and protein-based growth rates, on the other hand, were highly correlated with weight-specific growth (R 2 of 0.4-0.5) and lipid-based growth rate explained 45.8% variability of weight-based growth in a linear growth model. Weightbased growth rates showed a dome-shaped relationship to temperature with a maximum around 16°C, a trend mirrored in lipid-based growth rates. The results indicate a stage-dependent shift in energy storage and metabolism with a decoupling of RNA/DNA as an index of weight-based growth rate as the juvenile gobies mature and lipids become the main determinant of weight-based growth in these fish.
INTRODUCTION
The importance of larval growth and survival for fish stock recruitment has been recognised for a long time (Hjort, 1914) , as described by the "growthmortality hypothesis" that predicts the survival of fish larvae to be directly related to growth, as the predation pressure decreases with increased size of the larvae (Shepherd and Cushing, 1980) . However, the role juveniles play in recruitment success has ADVANCES IN EARLY LIFE HISTORY STUDY OF FISH C. Clemmesen, A.M. Malzahn, M.A. Peck and D. Schnack (eds.) only recently been investigated (Campana et al., 1989; Campana, 1996; Baumann et al., 2006) . As juveniles represent the bridge between larval and adult fish, and are subject to similar pressures as larvae, it is important to know which factors limit their growth and survival to the next developmental stage.
Many studies have found RNA-DNA ratios (RNA/DNA) to be a good measure of recent growth and condition in larval (Bulow 1970 , Buckley 1982 , Ferron and Leggett, 1994 Bergeron, 1997; Buckley et al., 1999 , Buckley et al., 2006 and some juvenile marine fish (Malloy and Targett, 1994; Kuropat et al., 2002) . RNA is sensitive to changes in both feeding regime and temperature, while DNA remains fairly constant in the cell. In times of food limitation, the amount of RNA in the cell is expected to decrease. On the other hand, the concentration of RNA, and thus RNA/ DNA, increases with higher growth rate or protein synthesis. To estimate recent growth in the field, a method has been established in which RNA/DNA values are measured in field-caught young fish and related back to a laboratory calibrated relationship between RNA/DNA and a weight-or size-based growth rate specific to each species and developmental stage (Buckley et al., 2008; Caldarone, 2005) . These predictions are important in estimating the recruitment of young fish to the reproducing stock of the population in order to forecast future stock sizes and, for example, to set fishing quotas for commercially exploited species.
A number of studies have also used other biochemical indicators for growth in juvenile fish, such as proteins (Foster et al., 1993; McLaughlin et al., 1994; Peck et al., 2003) and lipids (Wicker and Johnson, 1987) . However, few experiments have compared more than two biochemical indicators (nucleic acids, proteins and lipids) in one individual in order to obtain a more complete picture of its recent growth (Weber et al., 2003) and to evaluate the correlations between the different parameters analysed.
The two-spotted goby, Gobiusculus flavescens (Fabricius), was used in this study as a model organism. Although not of commercial importance, gobies play a key role in the food web of the Baltic Sea, being a main prey item of cod, Gadus morhua (Kondratovics, 1997) , herring, Clupea harengus, (Lohmeyer and Hempel, 1977) , marine mammals (Lick, 1991) and sea birds (Blake, 1983) . In turn, gobies are potentially key predators of meiofauna, such as copepods and benthic invertebrates (Costello et al., 1990; Ehrenberg et al., 2005) , which makes them an important link between the benthos and larger pelagic predators. A few representatives of this family are highly abundant and are often the dominant species among small fish in the shallow waters of the Baltic Sea, including the common goby, Pomatoschistus microps (Kroeyer), the sand goby, P. minutus (Pallas), and the two-spotted goby, Gobiusculus flavescens, (Ehrenberg et al., 2005) . Since gobies are found in the shallow coastal waters of the Baltic Sea, they are subject to extreme temperature variations throughout the year. In June 2007, surface water temperatures varied between 14°C and 21°C at the Institute for Marine Sciences pier (Kiel, Germany), where the gobies were sampled. In the future, sea surface temperatures are predicted to increase further due to changing climate conditions (BACC, 2008) . Therefore, this study was conducted over a wide temperature range above and below that found in the field, to detect the influence of temperature on growth of these gobies.
The aim of this study was to analyze biochemicalbased indicators responsible for growth, namely nucleic acids, proteins and lipids in juvenile two-spotted gobies of the Baltic Sea and to determine how these growth indicators are influenced by temperature.
MATERIAL AND METHODS

Sampling and experimental procedure
Approximately 600 juvenile two-spotted gobies (13-18 mm in total length (TL)) were caught using a large dip net off the IFM-GEOMAR pier in Kiel, Germany (54º19'78N, 10º08'96E) in late June 2007, at average ambient temperatures around 17-18°C. Following catch, the fish were acclimated to laboratory conditions for one week in holding tanks (120 L) at 18°C. Subsequently, they were distributed in groups of 12 fish per beaker into 800 ml beakers in a temperature gradient table (holding 42 beakers) after the design by Thomas et al. (1963) and modified by Petereit (2004) , allowing them to acclimate for 1 h per 1 degree centigrade change. The total lengths of the fish transferred to the beakers were not determined at the start of the experiment, as the fish would not have survived the procedure of length measurements unharmed. Therefore the starting length range is based on a subsample of 25 fish. The beakers contained filtered (1 µm) and UV sterilised Baltic seawater with a salinity of 14 and a temperature gradient of 22.7°C to 9°C in 7 different temperatures (9°C, 11.7°C, 13.9°C, 16.3°C, 18.5°C, 20.6°C and 22.7°C) with six beakers per temperature. The light cycle was set to 18/6 h light/ dark corresponding to the natural conditions at that time. Pressurised air was continuously added to each beaker at adjusted flow to ensure oxygen saturation levels. The gobies were fed daily ad libitum with live, enriched Artemia nauplii (Protein Selco Plus and Spari Selco by Ocellaris), reaching an average food density of 4 nauplii/ml in each beaker. The fish in three of the beakers at each temperature were additionally fed daily with 120 mg per beaker (0.15 mg/ml) of a mixture of chopped blue mussel (Mytilus edulis), saithe (Pollachius virens) and brown shrimp (Crangon crangon). Additionally, three beakers were stocked with 15 unfed gobies each and placed in temperature-constant rooms at 12°C, 18°C and 22°C as food-deprived controls. Each day, two thirds of the water in each beaker was exchanged via siphoning and waste products and any dead fish were removed. The average mortality over the entire experimental period was calculated in percentage for each temperature in the gradient table (6 beakers per temperature).
After an initial sample of 25 gobies on the first day of the experiment, random samples of 2-3 gobies per beaker were taken every 7 days for 4 weeks in the mornings before feeding by catching them with a small hand net. Half of the gobies in the fooddeprived control group were sampled after the first week and the remainder after the second week. The sampled gobies were shock-frozen with liquid nitrogen and stored in 1.5 ml Eppendorf caps at -80°C until further analysis.
The frozen gobies were measured for their total length (TL; mm ± 0.1). Later, they were freezedried for 16 hours (Christ Alpha 1-4 freeze-dryer) at -51°C and reweighed for their dry weight (DW; mg ± 0.0001, Sartorius SC 2 microbalance; ± 0.1 µg). After freeze-drying biochemical analyses of lipids, RNA/DNA and protein were performed on whole fish.
Biochemical analyses
Lipid determination: The total lipid content (L) of the gobies was determined gravimetrically following a modified version of the method of Folch et al. (1957) . Lipids were extracted with 800 µl of 2:1 (v/v) dichloromethane:methanol at -80°C for 52 h and remaining water was removed with 200 µl of 0.88% potassium chloride (KCL). The amount of lipids in each individual fish was determined by the dry weight loss before and after lipid extraction.
RNA and DNA determination
Measurements of RNA and DNA were made using the fluorometric method described by Clemmesen (1993) and modified by Belchier et al. (2004) with slight adjustments. Each whole freezedried and de-fatted fish was homogenised in 1600 µl Tris-EDTA (TE) -buffer. This is the first study to report RNA/DNA and lipid values from the same individuals. Preliminary tests showed that nucleic acids were not affected by the process of lipid extraction prior to homogenisation (Malzahn et al., in prep.) . A volume of 200 µl of the homogenate was removed for protein analysis. The remaining homogenate was combined with 200 µl concentrated TE-SDS (sodiumdodecyl sulfate) -buffer with 0.08% SDS (reaching a final concentration of 0.01% TE-SDS) and the supernatant was diluted 1:10 with 0.01% TE-SDS buffer. Ethidium bromide (EB) was used as a specific nucleic acid fluorescent dye for both RNA and DNA and the total fluorescence was measured (Fluoroskan Ascent, LabSystems). RNAse was then used to digest all RNA enzymatically after which the fluorescence of the DNA was determined. Fluorescence was computed to µg nucleic acid via a calibration curve (R 2 = 0.99). The amounts of DNA were back-calculated from RNA amounts after Le Pecq and Paoletti (1966) and then standardised after Caldarone et al. (2006) .
Protein determination
Total protein content (P) was determined after the method described by Bradford (1976) , using QuickStart TM Bradford Dye Reagent, 1x from BioRad. Following a modified version of the standard assay for microplates (BioRad), 5 µl of homogenate was combined with 45 µl of TE buffer and 250 µl of dye reagent in a UV microtiter plate and the absorption was measured (Multiskan Spectrum, Thermo). A calibration curve (R 2 = 0.99) was generated using bovine serum albumin from BioRad as a standard at 5 different concentrations.
Growth determinations
Instantaneous growth rates, individual approach
Dry weight, lipid and protein content all showed an exponential increase over time, so growth was determined by calculating instantaneous growth rates (Gi) for all three variables based on the following formula: To calculate the Gi for gobies sampled in the first week, the average of the initial sample (n = 25) was used as initial weight.
GiDW
Average growth coefficients, population approach
Gi is calculated by relating individual data points to a previous average and therefore can lead to high variability if the starting population is not homogeneous. To reduce variability, average growth coefficients were computed. This was done by plotting average (n = 13-19) DW, L and P over time (days) for fed fish at each temperature treatment and fitting an exponential growth curve. The growth coefficients of each curve were then plotted over temperature to yield a temperature-dependent growth curve.
Statistical analysis
The data were statistically analysed with SAS software (SAS Institute, 2001 ). Least-squares linear regression analyses were used to 1) determine relationships among size, growth rates, lipid content, protein content, RNA/DNA and temperature, 2) determine interactions between variables, and 3) analyze for trends in residuals. To examine differences between weeks and food/no food in the data, SAS ANOVA (analysis of variance) were performed after testing for normality using a Shapiro-Wilks test (p>0.05) and homogeneity of variance using Levene's test (p<0.05). The level of significance was set to 0.05.
RESULTS
No significant difference (ANOVAS p>0.15) between the two food treatments (Artemia only and Artemia plus mix of chopped saithe, brown shrimp and mussel) were found for any parameters examined. Therefore, the food treatments were pooled to 6 beakers per temperature for all subsequent analysis. Table 1 .
Mortality
The mortality displayed an inverse dome-shaped trend over temperature, with most mortalities occurring at the temperature extremes of 9ºC (73% mortality) and 20.8ºC (32% mortality), and the lowest average mortality occurring between 11.7ºC and 18.7ºC (6% mortality). The percent mortality in the food-deprived control groups was at least 5 times higher than that in the fed groups at all temperatures examined.
Biochemical indicators
There was no interaction between dry weight (DW) and temperature, and regressing RNA, DNA, protein and lipid content on temperature with DW as a covariate indicated that all variables varied with DW but not with temperature. The analysis of the residuals for these regressions on growth rate showed no trend.
RNA/DNA values measured in the whole fish were highly variable, ranging from 0.6 to 4.9. While RNA/DNA in the smaller fed fish (3-10 mg DW) showed a large range of values from 1 to 4.9 , the range was smaller and maximum values lower in the larger fish (27-35 mg DW) with RNA/DNA values from 1.2 to 1.8 (Fig. 1a) . The food-deprived control group (3-14 mg DW) had lower RNA/DNA values ranging between 0.6 and 2.3, overlapping with the fed individuals. There was no correlation between RNA/DNA and the size of the fish. Mean RNA/DNA ratios differed significantly (ANOVA, p<0.0001) between fed and non-fed fish at the extreme temperatures examined (12°C and 22°C) after 7 days in the experiment, but not at the mid-temperatures (Fig. 2) . Fed fish at the lowest temperature (12°C) had the highest mean RNA/DNA ratio, while the non-fed fish at the highest temperature had the lowest mean RNA/DNA ratio. This was also reflected in the survival, with only food-deprived fish at 18°C surviving another week.
Total protein weight was positively correlated with DW (p<0.0001) and showed a similar positive linear trend to that of lipids (Fig. 1b, Table 1 ). Fed fish did not have significantly more protein on a DW basis than the food-deprived control group between 0 and 10 mg DW (p=0.1232).
The total lipid weight of each fish plotted with respect to total DW yielded a linear positive trend (Fig. 1c) . The food-deprived control group had a much lower slope than the fed fish with significantly reduced specific lipid contents (p<0.0001).
While DNA weight correlated linearly with dry weight (Table 1, figure not shown), RNA weight was related to DW linearly only up to a DW of about 15 mg, after which the data points scatter strongly with slight decreasing trend (overall fitted regression presented in Table 1 , figure not shown). This relationship is reflected in the RNA/DNA relation to DW as presented in Figure 1a . 
Relative composition
The relative composition of lipids and proteins were not correlated with temperature. However, time was a significant factor in the composition. Relative lipid content (Lr) calculated as percentage of lipids in DW varied significantly with experimental days (ANOVA, p<0.0001), being lower in week one (7 days) than in the starting group but increasing steadily from then until the termination of the experiment (Fig. 3) . Relative protein content (Pr), on the other hand, remained relatively constant throughout the experiment. While the Lr of the food-deprived control groups was significantly lower than that of both the start group and their fed counterparts (ANOVA, p<0.0001), the Pr was not significantly different (ANOVA, p>0.05). The food-deprived control groups did not differ significantly in temperature (ANOVA, p>0.05) or time for either Pr or Lr.
Relation between growth rates and biochemical indicators
Regressing GiDW over RNA/DNA yielded no significant relation over 7 days (Fig. 4a) . Adding temperature as a factor did not improve the explanatory power of the model. Additionally, the RNA/ DNA values of the food-deprived fish were not significantly different from the well-fed fish.
There was no interaction between GiDW and temperature. Plotting the residuals against temperature showed no trend. Regressing lipid content, protein content, and RNA and DNA content on GiDW with temperature as a covariate showed that there was no trend with temperature or GiDW. Residuals from the regressions for all of the variables examined showed no trend when plotted against temperature only when analyzed in regards to DW.
RNA/protein did not correlate with either GiDW nor GiP. Furthermore, there was no correlation be- 
FIG. 4. -Instantaneous growth of dry weight (GiDW) versus (a)
RNA/DNA, (b) change in protein (GiP) and (c) change in lipids (GiL) over 7 days for fed fish at 7 different temperatures and the food-deprived control group (FD). Regression curves for pooled temperatures are given in Table 2. tween RNA/DNA and GiP. The residuals of these regressions plotted over temperature showed no trend. RNA concentration on a dry weight basis vs. GiDW showed no trend.
Comparison of instantaneous growth rates
The increase in protein per day (GiP) was significantly correlated with all changes in DW over the experimental period (p<0.0001). When the GiDW was plotted over 7 days versus GiP a positive linear trend appeared, with P explaining 41% variability in DW growth rate (Fig. 4b, Table 2 ). Temperature was not significant in the relationship between GiP and GiDW. The food-deprived gobies exhibited mainly negative GiP, but were not significantly different.
The increase in lipids per day (GiL) calculated over 7 days was positively correlated with the instantaneous growth rate GiDW, with an explained variability of 38% (Fig. 4c, Table 2 ). Temperature was not significant in the relationship between GiL and GiDW. The food-deprived fish had significantly lower GiDW per GiL over a 7-day interval, displaying negative Gi in both DW and L (68% explained variability) (Fig. 4c, Table 2 ).
Growth mode
The instantaneous growth rates per day (GiDW, GiL and GiP) over the last 7 days of the experiment were calculated for each individual juvenile goby and a stepwise multiple linear regression analysis was run (Table 3) to determine which mode of growth was responsible for the change in GiDW. The first parameter to go into the model was GiL, which explained 45.8% variability of growth rate. The second parameter, GiP, increased the explanatory power to 55.8%. By adding the parameter RNA/ DNA, 56.1% of growth rate could be explained by the model. Although the RNA/DNA explained a negligible amount of variability, it was significant (p=0.0102). Temperature was not significant in the regression model. Plotting the residuals of the regression by temperature or DW showed no trend. Only fed fish were used in the model.
Growth coefficients, effect of temperature
As the calculated individual Gi's did not yield temperature-dependent trends, growth coefficients from the population approach were determined by plotting DW over time for each temperature treatment and fitting exponential growth curves to the relationship (Fig. 5, Table 4 ). These growth coefficients varied with temperature, displaying a domeshaped relationship with a peak between 16ºC and 18ºC (Fig. 6) . The 9°C group was not included in this analysis as all fish had been sampled or had died by the third week.
Temperature also influenced the amount of lipids in the experimental fish. As seen for DW, lipid was positively correlated with time, displaying different exponential relationships depending on temperature (Fig. 5, Table 4 ). Lipid growth coefficients plotted over temperature resulted in a dome-shaped curve with a temperature optimum between 16°C and 18ºC, corresponding to the temperature maximum in dry weight growth coefficient (Fig. 6, Table 4) . Again, the 9°C group was not included because all fish had been sampled or had died by the third week. Although the observed trends are not significant (Table 4) , temperatures 12ºC and 16ºC, and 16ºC and 23ºC do differ significantly from each other in either DW or lipid growth.
DISCUSSION
RNA/DNA as an indicator of growth
The initial aim of this study was to test the use of RNA/DNA as an indicator of growth in juvenile gobies and to create a temperature-dependent model for application in the field.
Many studies have found a direct linear relationship between RNA-DNA ratios, temperature and weight-specific growth rates in several species of larvae held under laboratory conditions (Buckley et al., 1984; Buckley et al., 2008 , Caldarone, 2005 and in juveniles (McLaughlin et al., 1994; Malloy and Targett, 1994; Peck et al. 2003) , and established multiple linear regression models that could be used to determine recent growth in the field. Additional to RNA/DNA values, RNA concentration in muscle Table 4. tissue has been found to be positively related to instantaneous growth rates in marine fish (Kuropat et al. 2002; Mathers et al., 1992; Foster et al., 1993; Carter et al., 1998) . Since RNA/DNA reflects protein biosynthesis capacity, the lack of correlation between weightbased growth in our fish and RNA/DNA could be explained by the fact that it was lipid deposition, and not protein, which was responsible for the observed increase in dry mass. A multiple linear regression model including instantaneous dry weight growth rates (GiDW), lipid changes (GiL) and protein changes (GiP), along with a temperature term, confirmed that lipids are indeed the main factor contributing to weight-based growth, while proteins play only a marginal role and temperature did not significantly affect the relation between GiL and GiDW. These results indicate a decoupling of DW growth rate and RNA/DNA due to the constant level of protein synthesis regardless of weight, developmental stage and condition, while lipid deposition increased at this developmental stage. An explanation for this is a transition in the biochemical composition of the fish during ontogeny and tissue reorganisation. This phenomenon has been observed in leptocephalus larvae in bonefish (Pfeiler and Luna, 1984) and flatfish (Richard et al., 1991) . The protein content of fish tends to shift greatly during development. While larvae require a large amount of protein for rapid growth, the protein requirement of a fish decreases as it matures. When a fish reaches sexual maturity, it accumulates a high protein content needed for the formation of reproductive organs. In adult sand gobies, Pomatoschistus minutus, protein content is highest during the peak spawning period of March to May (Sole et al., 2006) . As the seasons progress, they tend to switch their metabolism to storing lipids instead of protein in preparation for winter rest. The protein content measured in G. flavescens remained relatively constant over the experimental period and was not significantly affected by temperature. Little research has been conducted on the influence of temperature on protein synthesis of marine fish (Carter and Houlihan, 2001; Katersky and Carter, 2007) . In some of these studies temperature was shown to affect the rate of protein synthesis. Sole et al. (2006) found seasonal variations in protein synthesis in P. minutus of comparable size to the G. flavescens used in this study, with a maximum from March to May and a minimum from August to September. As neither RNA activity nor protein synthesis rates, but only standing stocks of protein and RNA, were measured in this experiment, this DF 1, 3 =4, 70; p<0, 5) explanation cannot be tested. Nor did the relative protein content in the present study differ between fed and non-fed gobies. This indicates that the nonfed gobies did not use protein as an energy source in times of food limitation, since protein is not a good source of energy and is only used for metabolic purposes when other sources such as fats are not available. Instead, lipids were used as reflected in the decreased lipid contents in food-deprived gobies. Groves (1970) already suggested that lipids are the main determinant of a juvenile fish's condition, as they are a function of their nutritional history. Lipids are an important source of energy and are used before protein. Furthermore, lipids-particularly membrane lipids-play an important role in acclimation (Hoar and Randall, 1969) . The total lipid content in the food-deprived G. flavescens was markedly lower than that of their fed conspecifics. Other studies have also found the total fat content of the body to be correlated with condition and growth in adult and juvenile fish (Oliver et al., 1979; Keast and Eadie, 1985; Wicker and Johnson, 1987) . Lipid stores in muscle tissue or in the liver increase with size and age of fish due to reduced activity level, growth rate and metabolism and are increased prior to gonad maturation in juvenile fish (Hoar and Randall 1969) . The range of the relative lipid content (12-15% of the dry weight) in G. flavescens lies within the upper range of literature values for other goby species (4-13% in adult sand gobies, Pomatoschistus minutus, Lissåker et al., 2003) and is comparable to that of other fish species and marine invertebrates (Barnes and Blackstock, 1973) .
It has been found that the growth mode of young gobies changes from hyperplasia to hypertrophy as they mature (Frommel, 2008) . Most likely the changes in RNA/DNA with increased size were a result of a combination of changes in biochemical composition, tissue reorganisation and behaviour, which lead to changes in the metabolism of the gobies. The lack of a positive correlation between nucleic acids and DW growth rates in juvenile gobies, which conflicts with findings for other juvenile fish species, could be due to the fact that juvenile gobies are much closer to adulthood than slower-growing, longer-lived species. G. flavescens mature within a year, so the juveniles of this species are much older and have stronger developmental constraints coupled with growth than i.e. cod, which become sexually mature after 4-5 years.
Growth rates and temperature
The slope-derived growth rates showed a domeshaped temperature trend with an optimum around 16°C. Although this relationship was not significant, it does have important biological implications. While the lowest temperature (9°C) proved to be lethal after only one week of incubation, there was a temperature optimum around 16°C, which correlates with the ambient water temperature found in the Kiel Bight when the fish were caught. Clearly, G. flavescens grew best at the temperature they had experienced in the field and had become acclimated to. An asymmetric growth pattern in which growth increases with temperature to a maximum and then sharply decreases at higher temperatures was found in other studies: for example in juvenile wolffish (McCarthy et al., 1999) and in juvenile Atlantic cod and haddock larvae, where Peck et al. (2003) also found a dome-shaped trend with a maximum growth rate at 12°C.
Similar to dry weight growth rates, lipid growth rate in juvenile two-spotted gobies were (not significantly) related to temperature with a maximum around 16°C. Furthermore, instantaneous lipid growth rates (Gi lipids) were (significantly) positively related to instantaneous dry weight growth rates (Gi dw). This indicates that the condition of G. flavescens was best at 16°C and that its weight-based growth is most likely a result of lipid deposition.
The lack of temperature sensitivity in growth in these fish suggests that they will not be greatly affected by global climate change. As gobies live in the shallow littoral, they are subject to wide fluctuations in temperature throughout the year and are thus rather robust to changes in water temperature within the range they experience. This family will therefore most likely remain unaffected by the predicted increased seasonal water temperatures.
CONCLUSION
In juvenile two-spotted gobies, lipids are easily incorporated into the tissue and are readily metabolised in times of food deprivation. Lipids are significantly depleted after only 2 weeks of fooddeprivation. In contrast, DW growth rates, RNA/ DNA and protein concentrations remain largely unchanged. This means that juvenile gobies respond to food deprivation by rapidly using their lipid stores in order to sustain growth. Along with food rations, temperature affects growth in juveniles and linear growth patterns for each temperature lead to an overall dome-shaped relationship with a maximum DW growth rate at in situ temperatures at time of catch. This dome-shaped relationship was mirrored by the lipid-based growth rate but not by the protein-based growth rate or RNA/DNA.
It can be concluded that lipids are the most important determinant of the observed increase in dry mass (DM) of juvenile gobies, while RNA/DNA is decoupled from DM at this stage and no longer acts as a good indicator for recent growth based on weight. Therefore, measuring nucleic acid concentrations in field-caught juvenile marine fish may not be useful for estimating DW growth rates for every species or developmental stage. Further research is needed to determine which other species undergo this change in growth mode at this stage and for which species RNA-DNA ratios still remain a direct measure of weight-based growth in juveniles.
